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1. 

HIGH SPEED, SYMMETRICAL PRESCALER 

TECHNICAL FIELD 

The invention relates generally to a prescaler or divider 
and, more particularly, to a divide-by-three current-mode 
logic (CML) prescaler. 

BACKGROUND 

Today, prescalers are commonly used in phased locked 
loop (PLL) structures. Typically, prescalers with a variety of 
frequency divisions and an approximate 50% duty cycle are 
employed. Most designs for these prescalers are relatively 
straightforward. Some examples of these designs are U.S. 
Pat. Nos. 3,530,284; 4,703,495; 5,867,068; and 7,119,587 
and U.S. Patent Pre-Grant Pub. Nos. 2002/0114422 and 2008/ 
O186062 

However, divide-by-three prescalers are of interest. Turn 
ing to FIG. 1, the desired clock signal for a divide-by-three 
prescaler can be seen. The input clock signal CLK would 
correspond to an output signal from a Voltage controlled 
oscillator (VCO) into a prescaler, and the output clock signal 
CLK would correspond to input clock signal CLKry 
divided by three. As can be seen in FIG. 1, the output clock 
signal CLK has a 50% duty cycle with symmetrical rise 
and fall times. 

Over the years, there have been numerous designs for 
divide-by-three prescalers with a 50% duty cycle. Some 
examples are U.S. Pat. Nos. 3,439,278; 3,943,379; 3,902, 
125; 4,348,640; 4.366,394; and 6,389,095. Many of these 
designs, though, are not particularly applicable to CML. 
which uses synthesized frequencies above 1 GHz. 

Therefore, there is a need for a divide-by-three prescaler 
that is compatible and applicable to CML. 

SUMMARY 

A preferred embodiment of the present invention, accord 
ingly, provides an apparatus. The apparatus comprises a ring 
counter having a plurality of master-slave flip-flops arranged 
in a series, wherein each master-slave flip-flop receives a 
clock signal, and wherein the ring counter has an even integer 
multiple of N States; correction logic interposed in the series, 
wherein the correction logic gates outputs from at least some 
of the plurality of master-slave flip-flops, and wherein at least 
one of the master-slave flip-flops receives an output from the 
correction logic; and an output logic gate that gates an internal 
state from at least one of the master-slave flip-flops with an 
output from one of the master-slave flip-flops to produce the 
clock signal divided by N. 

In accordance with a preferred embodiment of the present 
invention, the series further comprises a first master-slave 
flip-flop sequence and a second master-slave flip-flop 
Sequence. 

In accordance with a preferred embodiment of the present 
invention, the correction logic further comprises a first logic 
gate that gates outputs from the last master-slave flip-flop of 
the second sequence and at least one master-slave flip-flop in 
the first sequence; and a second logic gate that gates outputs 
from the first logic gate and the last master-slave flip-flop of 
the first sequence, wherein the first master-slave flip-flop of 
the second sequence receives an output from the second logic 
gate. 

In accordance with a preferred embodiment of the present 
invention, the first logic gate is a NAND gate. 
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2 
In accordance with a preferred embodiment of the present 

invention, the second logic gate is an AND gate. 
In accordance with a preferred embodiment of the present 

invention, the output logic gate is a XOR gate. 
In accordance with a preferred embodiment of the present 

invention, an apparatus is provided. The apparatus comprises 
a plurality of master-slave flip-flops arranged in a first 
sequence and a second sequence, wherein the plurality of 
master-slave flip-flops has an even integer multiple of N 
states, and wherein each master-slave flip-flop has a plurality 
of clocked latches; correction logic interposed between the 
first and second sequences, wherein the correction logic gates 
outputs from at least some of the plurality of master-slave 
flip-flops, and wherein at least one of the master-slave flip 
flops from the plurality of master-slave flip-flops receives an 
output from the correction logic; and an output logic gate that 
gates an output from an internal clocked latch from at least 
one of the master-slave flip-flops with an output from one of 
the master-slave flip-flops to produce the clock signal divided 
by N. 

In accordance with a preferred embodiment of the present 
invention, each master-slave flip-flop further comprises a first 
clocked latch that receives a clock signal at its clockinput and 
a clockbar signal at its clockbar input; and a second clocked 
latch that receives the output of the first clocked latch, the 
clockbar signal at its clock input, and the clock signal at its 
clockbar input. 

In accordance with a preferred embodiment of the present 
invention, the outputs of two clocked latches from the first 
sequence are gated by the output logic gate. 

In accordance with a preferred embodiment of the present 
invention, the outputs of one clocked latch from the first 
sequence and one clocked latch from the second sequence are 
gated by the output logic gate. 

In accordance with a preferred embodiment of the present 
invention, the correction logic further comprises a first logic 
gate that gates outputs from the last master-slave flip-flop of 
the second sequence and at least one master-slave flip-flop in 
the first sequence; and a second logic gate that gates outputs 
from the first logic gate and the last master-slave flip-flop of 
the first sequence, wherein the first master-slave flip-flop of 
the second sequence receives an output from the second logic 
gate. 

In accordance with another preferred embodiment of the 
present invention, an apparatus is provided. The apparatus 
comprises a ring counter having 12 states and that receives a 
clock signal, wherein the ring counter includes: a first set of 
master-slave flip-flops arranged in a first sequence; and a 
second set of master-slave flip-flops arranged in a second 
sequence. The apparatus also includes a NAND gate that 
gates the outputs of the second set of master-slave flip-flops 
and at least one master-slave flip-flop from the first set of 
master-slave flip-flops; an AND gate that gates the outputs of 
the last master-slave flip-flop from the first sequence and the 
NAND gate, wherein the first master-slave flip-flop from the 
second sequence receives an output from the AND gate; and 
an XOR gate that gates the outputs from at least two clocked 
latches from the ring counter to output the clock signal 
divided by 3. 
The foregoing has outlined rather broadly the features and 

technical advantages of the present invention in order that the 
detailed description of the invention that follows may be 
better understood. Additional features and advantages of the 
invention will be described hereinafter which form the sub 
ject of the claims of the invention. It should be appreciated by 
those skilled in the art that the conception and the specific 
embodiment disclosed may be readily utilized as a basis for 
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modifying or designing other structures for carrying out the 
same purposes of the present invention. It should also be 
realized by those skilled in the art that such equivalent con 
structions do not depart from the spirit and scope of the 
invention as set forth in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion, and the advantages thereof, reference is now made to the 
following descriptions taken in conjunction with the accom 
panying drawings, in which: 

FIG. 1 is a timing diagram depicting a desired divide-by 
three clock signal; 

FIG. 2 is a CML ring counter; 
FIG. 3 is a first divide-by-three CML prescaler in accor 

dance with a preferred embodiment of the present invention; 
FIG. 4 is a second divide-by-three CML prescaler in accor 

dance with a preferred embodiment of the present invention; 
and 

FIG. 5 is a third divide-by-three CML prescaler in accor 
dance with a preferred embodiment of the present invention. 

DETAILED DESCRIPTION 

Refer now to the drawings wherein depicted elements are, 
for the sake of clarity, not necessarily shown to scale and 
wherein like or similar elements are designated by the same 
reference numeral through the several views. 

Turning first to FIG. 2 of the drawings, a CML ring counter 
200 is shown. As can be seen, ring counter 200 is comprised 
of three cascaded CML D-type master-slave flip-flops 202, 
204, and 206. This ring counter 200 could serve as a sym 
metrical divide-by-six prescaler, but if the desired initializa 
tion conditions are not present, undesired States could exist, 
which could lead to instability of a PLL. In particular, the 
desired initial stated for ring counter 200 would have outputs 
Q1, Q2, and Q3 of flip-flops 202, 204 and 206 start at logic 
low or 0. The desired cycle for ring counter 200 would, then 
be as follows: 

Q1 Q2 Q3 

Y 
0 0 O 

Y 
1 O O 

Y 
1 O 

Y 
1 1 

Y 
O 1 

Y 
O O 1 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Ring counter 200, though, may be subject to undesired 

cycles as well. One example of an undesired cycle is as 
follows: 

Q1 Q2 Q3 

Accordingly, this undesired cycle would not produce an out 
put clock signal that would generally correspond to the output 
clock signal CLK, of FIG. 1. 
One simple solution to help ensure that ring counter 200 

performs a desired cycle is to perform an initialization in a 
desired state, namely, where Q1, Q2, and Q3 are 0. However, 
this particular solution is also subject to entering into undes 
ired cycles. In particular, disturbances by noise pulses on the 
Supply lines or other spurious events may cause the ring 
counter 200 to enter an undesired state. 

Another Solution is to employ a small amount of logic in 
the design of a prescaler that would help to preclude the 
survival of any undesired cycle. Now turning to FIGS. 3-5, a 
prescalers 300, 400, and 500 in accordance with a preferred 
embodiment of the present invention can be seen. 

Each of the prescalers 300, 400, and 500 has a ring counter 
326, which is comprised of a series of master-slave flip-flops 
302,304, and 306. Each of these master-slave flip-flops 302, 
304, and 306 typically comprise CML, D-type clocked 
latches 314/316, 318/320, and 322/324, where the master or 
internal clocked latches 314, 318, and 322 receive an input 
clock signal CLK, at their respective clock inputs and the 
slave clocked latches 316,320, and 324 receive an input clock 
signal bar signal/CLK/at their respective clockinputs. Pref 
erably, the ring counter 326 is subdivided into a first sequence 
(which includes master-slave flip-flops 302 and 304) and a 
second sequence (which includes master-slave flip-flop 306). 

Interposed in the series of master-slave flip-flops 302,304, 
and 306 is the correction logic 328. Preferably, the correction 
logic 328 is interposed between the first sequence 302 and 
304 and the second sequence 306. The correction logic 328 is 
generally comprised of a first logic gate or CML NAND gate 
308 and a second logic gate or CML AND gate 310. Prefer 
ably, in operation, the output of the last flip-flop of the second 
sequence (which is the output QS3 of slave latch 324), and the 
output of the first flip-flop 302 (output QS1 of slave latch 316) 
are gated by NAND 308. Additionally, output of NAND 308 
and the last flip-flop of the first sequence (output QS2 of slave 
latch.320) are gated by AND 310. The output of AND 310 can 
then be input into the first flip-flop of the second sequence 
(DM of master latch 322). In this configuration, the NAND 
308 sense when the two outer master-slave flip-flops 302 and 
306 are both 0, while the AND 310 sets the input DM of 
master latch 322 to 0 if that state is detected. 

Moreover, as can be seen in FIGS. 3-5, there are an even 
number multiple (twelve) of N (three) desired states, includ 
ing the internal states offlip-flops 302,304, and 306. Accord 
ingly, a possible cycle for the ring counter 326 would be: 
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In order to use these states to obtain a desired divided-by 
three output, a third logic gate or CMLXOR gate 312 can be 
employed. In particular, there are three configurations, which 
are depicted in FIGS. 3 through 5, that can yield an output 
frequency (CLK) that is exactly one-third the input fre 
quency (CLK) with an approximately 50% duty cycle that is 
symmetrical with equal rise and fall times. Additionally, each 
of these different configurations, are at phases that are 120° 
apart from one another. Preferably, these configurations com 
prise the XOR 312 gating of one the following (as shown in 
prescalers 300, 400, and 500, respectively): output QM2 of 
master latch 318 and output QS3 of slave latch 324; output 
QS1 of slave latch 316 and output QM3 of master latch 322; 
and output QM1 of master latch 314 and output QS2 of slave 
latch 320. These outputs are shown in Table 1 below. 

TABLE 1. 

QM1 
QM1 QS1 QM2 QS2 QM3 QS3 QM2 QS3 QS1 QM3 QS2 

O O O O O O O O O 
1 O O O O O O O 1 
1 1 O O O O O 1 1 
1 1 1 O O O 1 1 1 
1 1 1 1 O O 1 1 O 
1 1 1 1 1 O 1 O O 
1 1 1 1 1 1 O O O 
O 1 1 1 1 1 O O 1 
O O 1 1 1 1 O 1 1 
O O O 1 1 1 1 1 1 
O O O O 1 1 1 1 O 
O O O O O 1 1 O O 

Having thus described the present invention by reference to 
certain of its preferred embodiments, it is noted that the 
embodiments disclosed are illustrative rather than limiting in 
nature and that a wide range of variations, modifications, 
changes, and Substitutions are contemplated in the foregoing 
disclosure and, in some instances, some features of the 
present invention may be employed without a corresponding 
use of the other features. Accordingly, it is appropriate that the 
appended claims be construed broadly and in a manner con 
sistent with the scope of the invention. 
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6 
The invention claimed is: 
1. An apparatus comprising: 
a ring counter having a plurality of master-slave flip-flops 

arranged in a series, wherein each master-slave flip-flop 
receives a clock signal, and wherein the ring counter has 
an even integer multiple of N states, and wherein the 
series includes a first sequence and a second sequence; 

correction logic having: 
a first logic gate that gates outputs from the last master 

slave flip-flop of the second sequence and at least one 
master-slave flip-flop in the first sequence; and 

a second logic gate that gates outputs from the first logic 
gate and the last master-slave flip-flop of the first 
sequence, wherein the first master-slave flip-flop of 
the second sequence receives an output from the sec 
ond logic gate; and 

an output logic gate that gates an internal state from at least 
one of the master-slave flip-flops with an output from 
one of the master-slave flip-flops to produce the clock 
signal divided by N. 

2. The apparatus of claim 1, wherein the first logic gate is a 
NAND gate. 

3. The apparatus of claim 1, wherein the second logic gate 
is an AND gate. 

4. The apparatus of claim 1, wherein the output logic gate 
is a XOR gate. 

5. An apparatus comprising: 
a plurality of master-slave flip-flops arranged in a first 

sequence and a second sequence, wherein the plurality 
of master-slave flip-flops has an even integer multiple of 
N states, and wherein each master-slave flip-flop has a 
plurality of clocked latches; 

correction logic interposed between the first and second 
sequences, wherein the correction logic includes: 
a first logic gate that gates outputs from the last master 

slave flip-flop of the second sequence and at least one 
master-slave flip-flop in the first sequence; and 

a second logic gate that gates outputs from the first logic 
gate and the last master-slave flip-flop of the first 
sequence, wherein the first master-slave flip-flop of 
the second sequence receives an output from the sec 
ond logic gate; and 

an output logic gate that gates an output from internal 
clocked latch from at least one of the master-slave flip 
flops with an output from one of the master-slave flip 
flops to produce the clock signal divided by N. 

6. The apparatus of claim 5, wherein each master-slave 
flip-flop further includes: 

a first clocked latch that receives a clock signal at its clock 
input and a clockbar signal at its clockbar input; and 

a second clocked latch that receives the output of the first 
clocked latch, the clockbar signal at its clock input, and 
the clock signal at its clockbar input. 

7. The apparatus of claim 6, wherein the outputs of two 
clocked latches from the first sequence are gated by the output 
logic gate. 

8. The apparatus of claim 6, wherein the outputs of two 
flip-flops from the first sequence are gated by the output logic 
gate. 

9. The apparatus of claim 6, wherein the outputs of one of 
the clocked latches from the first sequence and one of the 
clocked latches from the second sequence are gated by the 
output logic gate. 

10. The apparatus of claim 5, wherein the first logic gate is 
a NAND gate. 

11. The apparatus of claim 5, wherein the second logic gate 
is an AND gate. 
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12. The apparatus of claim 5, wherein the output logic gate 
is a XOR gate. 

13. An apparatus comprising: 
a ring counter having 12 states and that receives a clock 5 

signal, wherein the ring counter includes: 
a first set of master-slave flip-flops arranged in a first 

sequence; and 
a second set of master-slave flip-flops arranged in a 

Second sequence; 10 
a NAND gate that gates the outputs of the second set of 

master-slave flip-flops and at least one master-slave flip 
flop from the first set of master-slave flip-flops; 

an AND gate that gates the outputs of the last master-slave 
flip-flop from the first sequence and the NAND gate, 

8 
wherein the first master-slave flip-flop from the second 
sequence receives an output from the AND gate; and 

an XOR gate that gates the outputs from at least two 
clocked latches from the ring counter to output the clock 
signal divided by 3. 

14. The apparatus of claim 13, wherein the outputs of two 
clocked latches from the first sequence are gated by the XOR 
gate. 

15. The apparatus of claim 13, wherein the outputs of two 
flip-flops from the first sequence are gated by the XOR gate. 

16. The apparatus of claim 13, wherein the outputs of one 
of the clocked latches from the first sequence and one of the 
clocked latches from the second sequence are gated by the 
XOR gate. 


